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foi Laboratory Animal Facilities and Care" as published by the National Academy of
Sciences-National Research Council.
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ABSTRACT

An attempt was made to clone rhesus marrow cells within the spleens of lethally
irradiated rhesus monkeys. Twe!e animalt received autologous transplants; 2 animals
received allogeneic transplants; and 4 animals served se irradiation controls. Ten
days following transplantation (or irradiation, in the case of the controls) the animals
were sacrifi"d and their spleens removed. No macroscopic nodules were found in
any of the spleens; microscopic examination of subserial sections revealed scatte,-d
erythrocytic clones in 8 of 14 animals that received transplants. Reticulocyte co ,
peripheral leukocytes, and cellularity of marrow spaces indicated that the transplanted
marrow had proliferated in 18 of the 14 animals with transplants, Under our condi-
tions, significant marrow cloning did not occur in spleens of lethally irradiated rhesus
monkeys in a !n.nner analogous to that. described in similar studies with rodents.

..,



ATTMPT TO CLONE MARROW CELLS IN SPLENS OF LETHALLY
IRRADIATED RHESUS MONKEYS

I. INTRODUCTION performed unde- sodium thiopental anesthesia.
During and after aspiration the marrow was

The ability of murine marrow cells to form mixed with approximately 200 ml. of chilled,
clones in the spleens of lethally irradiated mice heparinized TC-199 medium (Difco) and stored
as described by Till and McCulloch (5) has in ice until centrifuged. Following centrifuga-
proved a useful method for investigating cel- tion, the majority of the supernatant fluid was
lular and marrow kinetics. Recently this tech- removed so that the final volume of the mar-
nic has been extended to the rat by Comas and row mixture was 20 to 30 ml. This was stored
Byrd (1). Attempts to clone rhesus marrow at 20 to 40 C. until infused into a leg vein of
cells in the spleens of lethally irradiated mice the recipient animal.
have yielded essentially negative results in
our laboratory. This may be the result of re-
jection of the xenogeneic marrow, nonspecific After recovery from anesthesia, the an-
c otoxic antibodies, or R fundamental dif- imals received a midline air exposure ofference between primate and rodea em cells. 1,000 R (830 rads) r a cobalt-60 source via
Several species normally contain hematopoietic anterior and posterior fiekds at a rate of 100 R
Sevealsseithinormally cotains t ghemoutiett per minute. Exposure doses were measured in
tissue within their spleens thrinughout life, but air with a Victoreen high-energy chamber
the rhesus monkey is not included in this placed in a position corresponding to the mid-
group. One night speculate that attempts to line of the irradiated animal. The calculated
clone marrow cells within primat? spleens in a absorbed dose was based on determinations
manner analogous to that used in rodents made in a MAl-nite monkey phantom.
would be destined to fail for lack of a proper
environment in the primate spleen or because
of a difference in the cells responsible for re- The animals were divided into 4 groups:
populating the marrow spaces, or for both of Group 1, a control group of 4 animals that
these reasons. A successful method of cloning received 25 ml. of TC-199 after irradiation;
marrow in primate spleens would permit ex- group 2, 6 animals that received autologous
tension of some basic radiation biology technics marrow 1 to 2 hours after irradiation; group 3
to a higher animal. Attempts were, therefore, 6 animals that received autologous marrow
made to accomplish this. 24 hours after irradiation; and group 4. 2 an-

imals that received allogeneic marrow trans-

II. METHODS plants I to 2 hours after irradiation.

Eighteen rhesus monkeys, ianging in Penicillin (300,C00 units) and 40 rg. of
weight from 2.5 to 4.0 kg., were 1sed as sub- tetracycline were adminisfered intramuscularly
jects in this study. The transplantation tech- once a day from the second postirradiati,- (lay
nic has been described in detail elsewhere (2), until sacrifice. Baseli~e peripherai blood
but may be briefly summarized as follows: samples were obtained immediately before
Bilateral aspiration of femoral marrow was marrow aspiration and additional samples were
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obtained 7 and 10 days posttransplantation (or and eosin (H & E) or Giemsa. Similar prep-
postirradiation, in the case of the control arations were made of sections from the
group). The 10.day sample was obtained at sternum and the eighth thoracic vertebra
the time of sacrifice.

II. RESULTS
All animals were sacrificed by intravenous

sodium pentobarbital. The spleens were im- Since the aspirated marrow contained ar
mediately removed, sliced at 5-mm. intervals, unknown quantity of blood, the marrow cell
and fixed in either buffered formalin or counts have been expressed as the number of
Bouin's solution. After fixation, sections nucleated cells infused per kilogram. Th(
(6,u thick) were cut from paraffin-embedded number of nucleated cells infused, the reticulo-
specimens. All blocks were serially sectioned, cyte and leukocyte counts, and a subjectiv
and every 14th and 15th section mounted oi a estimate o; Lhe bone marrow cellularity ar(
glass slide and stained with either hematoxylin presented in table I. With the exception of

TABLE I

Peripheral blood data, preirradiation and postirradiation, number of
nucleated cells infused, and marrow cellularity at sacrifice

I ) Number of Averige
G Animal Leukocytes (x lOe/mm, 3 ) Reticulocytes (% calls infused marrow

Group number per kg. cellularity

Baseline Day 7 Day 10 Baseline Day 7 Day 10 (X 108) (%)

1 - 1 17.2 0.20 0.45 0.3 0.0 0.0 - Aplastic

No bone marrow 2 10.3 0.25 0.30 0.4 0.0 0.0 - Aplastic

3 13.2 0.30 Hemolyzed 0.8 0.0 Hemolysed - Aplastic

4 10.4 0.20 Dead 0.6 0.0 Dead - Aplastic

2 - 5 8.8 0.30 0.90 0.1 0.0 0.3 2.9 30

Autologous marrow, 6 8.3 0.40 0.60 0.5 0.0 0.5 3.1 40
i to 2 hr. postirradi- 7 7.5 0.30 0.90 0.2 0.0 0.7 3.6 55
ation

8" 7.8 0.20 0.65 0.5 0.0 0.1 1.8 5

9 9.7 0.20 0.45 0.6 0.0 0.3 6.2 25

10 1l.3' 0.15 0.35 03 0.0 0,5 5.4 20

3 - lit 9.2 0.25 1.00 0.6 0.0 0.5 4.1 20

Autologous marrow, 12t 12.7 0.25 0.80 0.5 0.0 0.3 4.0 30
24 hr. postirradia. 13 I 1.8 0.25 1.40 0.3 0.0 0.7 4.7 35
tion

14 q 20.0 0.45 1.00 0.2 0,0 0.4 6.7 20

15 9.7 0.30 1.00 0.1 0.0 0.3 4.6 20

16 11.! 0.40 0.80 0.4 0.0 1.0 4.6 25

4 - 17 15.7 0.50 0.25 0.2 0.0 0.7 3,5 15

Allogeneic marrow, 18tT 12.7 1.10 0.95 0.3 0.1 1.3 5.6 76
1 to 2 hr. post-
irradiation

Probably no marrow take.

tMicr ocoptc splenic clones.

roesly normal spl.n.
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animal 8, by the !0th dty there was evidence irradiation and from 1 animal that reeived an
of marrow proliferation in the transplanted allogeneic transplant were normal in size and
groups as reflected by the rising leukocyte and had a brownish-red appearance. in no instance
reticulocyte counts. The low reticulocyte were nodules grossly visible beneath the
count of animal 8 on day 10 suggests that the capsule or on a cut surface in either the fresh
transplanted marrow did not take in that or fixed state.
animal. This animal received the lowest num-
ber of nucleated cells per kilogram and ex- In the group not receiving marrow trans-
hibited the least degree of marrow cellularity plants, splenic sections were characterized
(table I). One of the 4 animals which did not histologically by lymphocytic depletion of the
receivn marrow was dead on the morning of follicular areas. All that remained in these
the 10th day; the 10-day blood sample of an- areas were reticulum cells and an occasional
other was hemolyzed. In the other 2 control lymphocyte or plasma cell. Germinal centers
animals, the 10-day reticulocyte counts were were not present and mitotic figures were not
zero, a finding which concurs with previously seen in the follicular areas. The red pulp was
published data from our laboratory showing not remarkable and sinusoids contained small
no evidence of recovery after 11 days in mon- to moderate numbers of mature 7. .... 3cytex
keys receiving 980 R (810 rads) under similar Scattered sinusoidal lining cells had hemo-
conditions (2). siderin granules within their cytoplasm. Bone

marrow sections were characterized by nearly
On gross examination, the majority of the complete cellular aplasia with widely isolated,

spleens appeared relatively small with grayish, small clusters of immature erythrocytic cells
contracted capsules. The spleens from 2 animals together with normal components of endothe-
that received autologous marrow 24 hours post- lial, reticulum and plasma cells (fig. 1).

10:

IGURE 1
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Eleven of the 12 animals that received or roA.- of nucleated erythrocytes, 4 to 8 cells,
autologous marrow had microscopic evidence in sinusoidal areas. The absence of mitotic
-f marrow takes as reflected by the cellularity figures made it questionable if these cells 3rose
of the marrow spaces (table I). Neither bone in sibi. In 10 animals, scattered individual
marrow nor splenic sections from animal 8 nucleated red cells, rubricyte types, were visible
showed evide-ce of significant marrow or within the splenic sinusoidal lumens indicating
lymphocytic cell proliferation. they were free within the circulatory channels.

Mitotic figures were occasionally observed in
The following results aptly to the remain- ,inusoidal areas, but the cell types could not

ing 11 animals receiving autologous marrow be identified with certainty. In none of the
transplants. Widely scattered small, micro- sections were clones of granulocytic cells seen
scopic clcnes of immatvre erythrocytes were although small to moderete numbers of band-
present in the spleens of animals 11 and 14 and segmented neutrophiis were present in
(fig. 2). The erythrocyic clones were small, sinusoidal lumens in 11 animals. Evidence of
consisting of less than 50 cells, most of which repopulation of the splenic follicular areas was
weie at a rubricyte stage of development, present in the 11 animals as varying numbers
Mitotic figures were visible within these of lymphocytes and mitotic figures were easily
clusters of immature erythrocytes. Three ad- di,_-,.guishable. In 4 animals, repopulation
ditional animals that received autologous matr- had progressed to the extent that small
row 24 hours postirradiation and one toat germinal centers had reformed. Subjectiv
received autologous marrow on the day of appraisal of sternal marrow sections from the
irradiation had widely scattered small clusters 11 animals revealed 20%c to 60% of the marrow
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spaces to be occupied by cellular elements com- animal that receivf 1 allogeneic marrow, about
pared to 10% to 50% in vertebral sections 15% of the ma~row spaces were occupied by
(fig. 3). Cell types included those of the cells.
granulocytic series, erythrccytic series, and
megakaryocytes. IV. DISCUSSION

One of the 2 animals (No. 18) which re- if adeouate numbers of bone marrow tells
ceived allogeaeic bone marrow had 3 clones of are injected into lethally irradiated mice, it is
immature erythrocytic cells around splenic possible to produce significant numbers of
central arteries (fig. 4). These clones con- grossly visible splenic clones by 10 days after
tained mitotic figures and one clone extended transplantation. Till and McCullocb (5) re-
through sections taken over 100p apart. ported approximately one splenic colony per 10'
Splenic follicles in each of these animals nucleated cells injected in mice; similar figures
showed cellular repopulation with large blast- have been reported by other author. Comas
type cells of the lyinphoreticuiar variety, and Byrd (1), using Fischer-334 rats, found
Numerous mitotic figures were interspersed 4.4 splenic coionies per 108 marrow cells in-
amonh these cells. The red pulp showed focal jected. Senn et al. (4) have described the
areas of hemorrhagic necrosis and marked capacity of human bone marrow cells to form
proliferation of sinusoidal lining cells. Marrow colonies on soft agar cultures and to produce
sections from animal 18 showed normal cel- an average of 34 colonies per 108 nucleated
lularity as approximately 75% of the marrow cells. In the present study the number of
spaces contained cellular elements- in the other nucleated cells infused per kilogramn was

FIGU RE 3
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FIGURE #

Small clone of nucleated ery~throcy~tes in animazl 18 that received allogeneiw
marrowL 10 days previouly. 1JarA-stair'ng, nucleated Mt~.hrocytes are located
in a folicslt., area. H & E x 215.

several orders of .-agnitude higher than thht heniatopoteft' cells have a predilection to pro-
required to yield splenic colonies in rodents. liferate in sites in which they are normally
This resulted in only scattered microscopic found. The marrow and lymphocytic prolifera-
clones in the spleens of 3 out of 14 monkeys. wIon as described above in the monkey might
GIross nodules vere not found in any of the also be considered an example of the "homing
spleens. While the lack of a significant rnur- instinct" for these types of cells.
ber of colonies at 10 days does not -'reclude
wieir appearainces at a later time, their presence Thus, under the conditions described,
would probably contribute little directly to the rhesus marrow cells did not proliferate to a
recovery -f the animal. The evidence c-" significant degree in the spleens of letha!!y
lyniphocytic repopulation in splenic follicular irradiated rheau3- monkeys. This observation,
areas in 1.3 out of 14 marrow-infused animals together with the evidence that transplanted
demonstrated the ability of transplanted im- marrow did proliferate elsewhere, suggests
mature cells to seed and proliferate in one of that significant splenic cloning may be limited
their major sites of production. N~well et to species in which the spleen normally hosts
al. (3) have demonstrated in mice that injected hematopoietic activity.
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